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PICTURE TUBE HAVING MASK-FRAME ASSEMBLY (71) We, RCA  CORPORATION, a
occasions during manufacture so that the corporation organized under the
laws of the  risk of damage to the mask-frame assembly State of Delaware,
United States of Amer-  is greatly increased. Thereof, new designs ica, of
30 Rockefeller Plaza, City and State  are necessary to provide reduction in
mask- 5  of New York, 10020, United States of frame assembly thickness so
that the entire  50 America do hereby declare the invention,  assembly will
fit within the tube cap. for which we pray that a patent may be
According to the present invention there granted to us, and the method by
which it is  is provided a color picture tube having a to be performed, to
be particularly de- phosphor screen, an electron gun and a 



10  scribed in and by the following statement:  mask-frame assembly
therebetween, said - 55 This invention relates to color picture  assembly
comprising a mask attached to a tubes having apertured mask electrodes
peripheral frame of substantially L-shaped therein, and particularly to a
mask construc-  cross-section suspended within said tube tion that reduces
mask-frame assembly  adjacent said screen, said mask including a 15
thickness.                             central apertured portion of domed
curva-  60 The most common type of color picture  ture and an imperforate
border peripheral tube for producing a color image is the  to said
apertured portion, and said frame shadow mask type cathode-ray tube. In
this  including a first flange substantially parallel tube type, a
plurality of convergent electron  to the longitudinal axis of said tube and
a 20  beams are projected through a multi-  second flange extending from
the gun end of  65 apertured color selection shadow mask to a  said first
flange toward said axis, the in- mosaic screen. The beam paths through the
tersection of the projection of said portion mask are such that each beam
impinges  of domed curvature and said first flange, on upon and excites
only one kind of color-  a projection of this flange, in a cross-section 25
emitting phosphor on the screen. Generally, of said tube including said
axis defining at  70 the shadow mask is attached to a rigid  the outermost
surface of said assembly, or at frame, which in turn, is suspended within
the projection of this surface, a line of 



the picture tube envelope.             intersection perpendicular to said
axis; Usually, a shadow mask type cathode-ray  wherein said mask is both
shaped and 30  tube is contructed in two parts comprisng a  attached to
said frame to reduce in said  75 rectangular panel or cap portion and a
cross-section the thickness of said assembly funnel and neck portion which
are eventual-  measured parallel to said axis, from the ly sealed together.
The shadow mask-frame  peak of said mask to the bottom of said assembly is
supported within the cap by a  second flange, to less than the sum of the
35  plurality of springs. In the past, the mask-  length of said first
flange and the distance of  80 frame assemblywas confined entirely within
said peak above said line of intersection. the cap. However, because of
recent im-   In the drawings: provements in shadow mask design which
Figure 1 is a plan view, partly in axial include increasing the curvature
of the  section, of a shadow mask color picture tube 40  mask, the
thickness of the mask-frame  in which a prior art mask-frame assembly is
85 assembly is so great that a portion of the  mounted. mask-frame assembly
in these newer tubes    Figure 2 is a partial section view of the now
extends beyond the protective sidewalls  prior art mask-frame assembly of
the tube of of the cap. This is disadvantageous since the  Figure 1 taken
at noted detail 2. 45  cap must be handled and moved on several   Figures 3
to 12 are partial section views of  90 
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2 different embodiments of mask-frame  leading edge 47 of the flange 44
(designating assemblies constructed in accordance with  the screen end of
the tube  as the front). The the present invention.
mask-frame assembly thickness b is mea- Figure 1 is a plan view of a
rectangular  sured parallel to the central longitudinal axis 5  color
picture tube 10 having a glass envelope  Z-Z of the tube, which in the
assembly 26 is  70 12 comprising a rectangular panel or cap 14  from the
bottom or outside of flange 46 to and a 'tubular neck 16 connected by a
the peak of the curved mask 28. (In a typical rectangular funnel 18. The
panel 14 com-  25V color picture tube, b is approximately p10 ses a viewing
faceplate 20 and a peripher-  6.94 cm.) For purpose of illustration, assem-
10  al flange or sidewall 22 which is sealed to the  bly thickness b is
shown measured at an  75    ' funnel 18. A mosaic three-color phosphor
arbitrary point close to the edge of the screen 24 is located on the inner
surface of  assembly 26; however, it should be under- the faceplate 20. The
screen 24 may be  stood that the maximum thickness probably either a line
screen, i.e., comprised of arrays  lies at the center of the assembly. It
is this 



15  of parallel phosphor lines or strips; or a dot  thickness that is
reduced in the following  80 screen, i.e., comprised of arrays of circular
described embodiments of the present in- phosphor deposits. A mask-frame
assembly  vention. 26 is located  in the  cap 14 in spaced    Figures 3-12
illustrate ten different embo- relationship to the screen 24. The assembly
diments of mask-frame assemblies con- 20  26 comprises a multi-apertured
color selec-  structed in accordance with the present  85 tion electrode or
shadow mask 28 which is  invention. All of these embodiments use the welded
to a reinforcing frame 30 which, in  same frame 30 as that used in the
assembly turn,' is supported within the cap 14 by  26 of Figure 2.
Similarly, in each of the several springs 32. An electron gun 34 is
figures, the curved plane including only the 25  mounted within the neck 16
to generate and  forward surface of the mask facing the  90 direct three
electron beams 36, 38 and 40  screen is designated M-M. along convergent
paths through the aper-   In a mask-frame assembly 54 shown in tures of the
mask 28 to the screen 24.    Figure 3, wherein, similar to the assembly The
tube of Figure 1 is designed to be  26 of Figure 2, a mask 56 is telescoped
over 30  used with an external magnetic deflection  the frame 30, reduction
in assembly thick-  95 yoke 42 surrounding the neck 16 and funnel ness is
accomplished by shaping the mask 56 18, in the vicinity of their junction.
When  so that its border 58 parallels the second 



appropriate voltages are applied to the yoke  flange 46 of the frame 30. By
so contouring 42, the three beams 36, 38 and 40 are  the border 58, the'
curved plane M-M 35  subjected to vertical and horizontal magne-
containing at least the outer area of the 100 tic fields- that cause the
beams to scan apertured portion 60 of the mask passes horizontally and
vertically in a rectangular  substantially behind the leading edge 47 of
raster over the screen 24.              the flange 44. This configuration
results in a The prior art mask-frame assembly 26 of  decrease c in
assembly thickness. (In the 40  the tube 10 of Figure 1 is shown in
enlarged  typical 25V color picture tube referred to  105 detail in Figure
2. As noted, the assembly 26  above, c is approximately 0.68 cm. comprises
a shadow mask 28 attached to a     Another mask-frame assembly 62, where-
frame 30. The frame 30 is rectangular to  in a mask 64 is again telescoped
over the conform to the shape of the tube cap 14 and  frame 30, is shown in
Figure 4. The mask 65 45  has an L-shaped cross-section. When instal-  in
this assembly 62 is similar to the mask 56 110 led in a tube, a first
flange 44 of the frame 30  of Figure 3 except that the mask border 66 is
parallel to the central longitudinal axis  dips behind the leading edge 47
of the flange Z-Z of the tube while the second flange 46  44 toward the
flange 46. Thus, the curved somewhat parallels the screen and is per-
plane M-M containing the apertured portion 50  pendicular to the
longitudinal axis Z-Z. The  68 of the mask 64 passes further behind the
115 



mask 28 of this assembly 26 is a thin metal  leading edge 47 thereby
providing an even sheet having an apertured central portion 48  greater
reduction' d in assembly thickness. surrounded by an imperforate border 50
and    In a third mask-frame assembly 70 having a peripheral skirt 52. The
skirt is shaped to  a. mask 72 telescoped over the' frame 30, 55  conform
to and to telescope over the first shown in Figure 5,' reduction of
assembly 120 flange 44 of the frame 30 and is'welded to. thickness is
accomplished by forming a the flange 44. The apertured portion 48 and
border 74 so that its cross-section resembles border 50 of the mask 28 are
substantially  an S-shape. The reduction in assembly spherically contoured
and, for at least the  thickness using this assembly is designated 60
portion shown in Figure 2, lie within a  "e".
125 curved plane  designated M-M. Actually.    Without changing frame
design, the curved plane M-M is defined to include only  greatest reduction
in thickness can be the forward surface of the mask facing the
accomplished by placing the entire mask screen. As can be seen in Figure 2.
the  within the frame. Figure 6 shows a mask- 65  curved plane M-M passes
in front of the  frame assembly 76 having a mask 78 includ- 130    



ing a skirt 80 of reversed direction so that it  bead 130 in it and a skirt
132 telescoped points forward toward the screen of a tube.  within the
frame 30. The skirt 132 includes a The outer dimensions of the mask 78 are
plurality of flutes 134, the extreme portions restricted so that the mask
78 telescopes  of which contact the flange 44. The flutes within the flange
44 of the frame 30. As can  134 permit limited attachment of the mask  70
be seen, a maximum reduction in assembly  126 to the frame 30 which helps
prevent thickness can be realized with this assembly  warping of the mask
during tube operation. 76 without modifying the frame 30 if the    In
several of the foregoing examples, e.g., mask 78 is telescoped completely
within the  assemblies 116 and 124 in Figures 11 and 12, 0  frame or at
least far enough so that no part  respectively, placement of the mask skirt
75 of the apertured portion 82 extends forward  within the frame provides
other advantages. of the leading edge 47.                  For example,
during tube operation, the An alternate mask-frame assembly 84  electron
beams normally over-scan the aper- wherein a mask 86 can be completely
tured portion of the mask and, with the skirt 15  enclosed within the frame
30, if mask  inside the frame, some electrons strike the  80 curvature is
not too great, is shown in Figure  skirt causing it to heat up. Because of
this 7. This mask 86 has no skirt but a flattened  heating, the temperature
of the skirt will be border 88, similar to border 58 in Figure 3,  closer
to the temperature of the apertured 



directly attached to the inside of the second  portion and border of the
mask. Reduction 20  flange 46 of the frame 30. This embodiment of
temperature differentials in the mask is  85 results in a minimum assembly
thickness, especially important during tube warmup since the thickness is
simply determined  since these temperature differentials cause either by
the length of the flange 44 or by  mask warpage or doming. Also, placement
the dome thickness of the mask 86. It should  of the mask inside the frame
provides a 25  be appreciated, however, that in this assem-  margin of
safety for the mask since it is  90 bly 84 and in the following embodiment,
protected by the frame. Because of this, the practical mask-screen spacings
may require  incidence of dented masks can be greatly the shortening of the
flange 44.         reduced. In another mask-frame assembly 90    WHAT WE
CLAIM IS: 30  shown in Figure 8, a non-skirted mask 92,    1. A color
picture tube having a phos-  95 similar to the mask of Figure 7, has a
border  phor screen, an electron gun and a mask- 94 welded to the backside
of the flange 46.  frame assemblv there between, said assem- This assembly
90 has its entire curved  bly comprising a mask attached to a apertured
portion 96 arched up within the  peripheral frame of substantially L-shaped
35  frame and therefore offers great reduction  cross-section suspended
within said tube  100 in assemblv thickness.                   adjacent
said screen, said mask including a 



Figure 9 shows a mask-frame assembly  central apertured portion of domed
curva- 98. similar to the assembly 76 of Figure 6,  ture and in imperforate
border peripheral to wherein a mask 100 having a reversed  said apertured
portion, and said frame 40  forward pointing skirt 102 includes a skirt
including a first flange substantially parallel 105 extension 104 that
hooks around the leading  to the longitudinal axis of said tube and a edge
47 of the flange 44. This embodiment  second flange extending from the gun
end of simplifies installation of the mask 100 in the  said first flange
toward said axis, the in- frame 44 while reducing assembly thickness.
tersection of the projection of said portion 45    A mask-frame assembly
106 that is a  of domed curvature and said first flange or a 110
modification of the assembly 54 of Figure 3  projection of this flange,
cross-section of is shown in Figure 10. A mask 108 in this  said tube
including said axis defining at the assembly 106 has a border 110 that
includes  outermost surface of said assembly, or at the an indentation or
bead 112 extending  projection of this surface. a line of intersec- 50
around an apertured portion 114. Such bead  tion perpendicular to said
axis; wherein said  115 112 can add to the strength of the formed  mask is
both shaped and attached to said mask 108. In this particular example,
assem-  frame to reduce in said cross-section the blv thickness is shown
being reduced by a  thickness of said assembly measured parallel factor f
which is slightly greater than the  to said axis. from the peak of said
mask to 



55  reduction c of the Figure 3 embodiment.  the bottom of said second
flange, to less 120 Figure 11 shows a mask-frame assembly  than the sum of
the length of said first flange 116 wherein a mask 118. having a conven-
and the distance of said peak above said line tional shaped border 120 and
skirt 122, is  of intersection. reduced in outer dimensions so that it   2.
A color picture tube in accordance 60  telescopes within the flange 44 of
the frame  with claim 1. wherein said mask includes a 125 30. therebv
reducing assembly thickness by  skirt peripheral to said border. said skirt
a factor g.                              being parallel with and attached
to said first Another mask-frame assembly 124 is  flange, and said border
having a contour shown in Figure 12. This assembly 124 has a  subsequently
different from  said domed 65  mask 126 that includes a border 128 with a
curvature.                            130    L 3
1 564 209                                     3 ing a skirt 80 of reversed
direction so that it bead 130 in it and a skirt 132 telescoped points
forward toward the screen of a tube.  within the frame 30. The skirt 132
includes a 



The outer dimensions of the mask 78 are  plurality of flutes 134, the
extreme portions restricted so that the mask 78 telescopes  of which
contact the flange 44. The flutes 5  within the flange 44 of the frame 30.
As can  134 permit limited attachment of the mask  70 be seen, a maximum
reduction in assembly  126 to the frame 30 which helps, prevent thickness
can be realized with this assembly  warping of the mask during tube
operation. 76 without modifying the frame 30 if the    In several of the
foregoing examples, e.g., mask 78 is telescoped completely within the
assemblies 116 and 124 in Figures 11 and 12, 10  frame or at least far
enough so that no part  respectively, placement of the mask skirt  75 of
the apertured portion 82 extends forward  within the frame provides other
advantages. of the leading edge 47.                 For example, during
tube operation, the An alternate niask-frame assembly 84  electron beams
normally over-scan the aper- wherein a mask 86 can be completely  tured
portion of the mask and, with the skirt 15  enclosed within the frame 30,
if mask  inside the frame, some electrons strike the  80 curvature is not
too great, is shown in Figure  skirt causing it to heat up. Because of this
7. This mask 86 has no skirt but a flattened  heating, the temperature of
the skirt will be border 88, similar to border 58 in Figure 3, closer to
the temperature of the apertured directly attached to the inside of the
second  portion and border of the mask. Reduction 20  flange 46 of the
frame 30. This embodiment  of temperature differentials in the mask is  85 



results in a minimum assembly thickness,  especially important during tube
warmup since the thickness is simply determined  since these temperature
differentials cause either by the length of the flange 44 or by  mask
warpage or doming. Also, placement the dome thickness of the mask 86. It
should  of the mask inside the frame provides a 25  be appreciated,
however, that in this assem-  margin of safety for the mask since it is  90
bly 84 and in the following embodiment,  protected by the frame. Because of
this, the practical mask-screen spacings may require  incidence of dented
masks can be greatly the shortening of the flange 44.        reduced. In
another mask-frame assembly 90    WHAT WE CLAIM  IS: 30  shown in Figure 8,
a non-skirted mask 92,    1. A color picture tube having a phos-  95
similar to the mask of Figure 7, has a border  phor screen, an electron gun
and a mask- 94 welded to the backside of the flange 46.  frame assembly
therebetween, said assem- This assembly 90 has its entire curved  bly
comprising a mask attached to a apertured portion 96 arched up within the
peripheral frame of substantially L-shaped 35  frame and therefore offers
great reduction  cross-section suspended within said tube 100 in assembly
thickness.                  adjacent said screen, said mask including a
Figure 9 shows a mask-frame assembly  central apertured portion of domed
curva- 98, similar to the assembly 76 of Figure 6,  ture and in imperforate
border peripheral to 



wherein a mask 100 having a reversed  said apertured portion, and said
frame 40  forward pointing skirt 102 includes a skirt  including a first
flange substantially parallel  105 extension 104 that hooks around the
leading  to the longitudinal axis of said tube and a edge 47 of the flange
44. This embodiment second flange extending from the gun end of simplifies
installation of the mask 100 in the said first flange toward said axis, the
in- frame 44 while reducing assembly thickness.  tersection of the
projection of said portion 45    A mask-frame assembly 106 that is a  of
domed curvature and said first flange or a 110 modification of the assembly
54 of Figure 3  projection of this flange, cross-section of is shown in
Figure 10. A mask 108 in this  said tube including said axis defining at
the assembly 106 has a border 110 that includes  outermost surface of said
assembly, or at the an indentation or bead 112 extending  projection of
this surface, a line of intersec- 50  around an apertured portion 114. Such
bead  tion perpendicular to said axis; wherein said 115 112 can add to the
strength of the formed  mask is both shaped and attached to said mask 108.
In this particular example, assem-  frame to reduce in said cross-section
the bly thickness is shown being reduced by a  thickness of said assembly
measured parallel factor f which is slightly greater than the  to said
axis, from the peak of said mask to 55  reduction c of the Figure 3
embodiment.  the bottom of said second flange, to less 120 Figure 11 shows
a mask-frame assembly  than the sum of the length of said first flange 



116 wherein a mask 118, having a conven-  and the distance of said peak
above said line tional shaped border 120 and skirt 122, is  of
intersection. reduced in outer dimensions so that it   2. A color picture
tube in accordance 60  telescopes within the flange 44 of the frame  with
claim 1, wherein said mask includes a 125 30, thereby reducing assembly
thickness by  skirt peripheral to said border, said skirt a factor g.
being parallel with and attached to said first Another mask-frame assembly
124 is  flange, and said border having a contour shown in Figure 12. This
assembly 124 has a  subsequently different from  said domed 65  mask 126
that includes a border 128 with a  curvature.                           130
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4 3. A color picture tube in accordance with claim 2, wherein  said border
is parallel to said second flange. 4.  A  color picture tube in accordance
5   with claim  2, wherein said border dips 



behind the leading edge of said first flange toward said second flange. 5.
A  color picture tube in accordance with claim 2, wherein said border has
an 10   S-shaped cross-section. 6. A  color picture tube in accordance with
claim 2, wherein said border has an indentation or bead peripheral to said
cen- tral apertured portion. 15     7. A  color picture tube in accordance
with claim  1, wherein said mask is tele- scoped within said frame and
includes a skirt peripheral to said border, at least a portion of said
skirt being parallel with said first 20   flange and extending toward said
screen. 8. A color picture tube in accordance with claim  7, wherein said
skirt hooks around the leading edge of said first flange. 



9. A  color picture tube in accordance 25   with claim 1, wherein said
border is parallel with and attached to said second flange. 10. A color
picture tube in accordance with claim 1, wherein said mask is tele- scoped
within said frame and includes a skirt 30   peripheral to said border, at
least a portion of said skirt being parallel with said first flange and
extending away from said screen. 11. A color picture tube in accordance
with claim 10, wherein said border has an 35  indentation or bead
peripheral to said cen- tral apertured portion. 12. A color picture tube
substantially as hereinbefore described with reference to any of Figures
3-12. 40 JOHN A. DOUGLAS 
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